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The concentrations of albumin, transferrin, IgG and 
0:'2-macroglobulin were measured in serum (C.) and in 
blister fluid (Cb ) from lesional skin obtained by suction 
in 11 patients with extensive skin disease. The results 
-w-ere compared with those of 10 matched control sub-
jects. In the patients the Cb/CH ratios and the distribution 
ratios (i.e., intravascular to total masses) of the 4 pro-
teins and that of inulin were correlated to the corre-
sponding molecular weights. The distribution ratios of 
the proteins were calculated from plasma volume (PV), 
C ", Cb and extracellular fluid volume (ECV) determined 
-w-ith inulin, and that of inulin as PV /ECV. 
The distribution ratio of albumin was similar to that 
obtained from a long-term metabolic turnover study. 
It is concluded that the sieving properties ofthe dermal 
vascular endothelium is maintained during suction also 
in patients with extensive skin disease and that the 
blister fluid equals "average" interstitial fluid. 
The transcapillary escape rate (TER) of albumin and 
IgG (i.e., fractions of intravascular masses of albumin 
and IgG passing to the extravascular space per unit 
time) and the accumulation rate of i.v. injected 1311 hu-
man serum albumin and 125I-IgG in the blister fluid was 
significantly increased in the patients. The latter was 
increased 2 to 3-fold. It is shown, that the increased 
extravasation of plasma proteins from the skin micro-
vasculature accounts fully for the increased escape rates 
as measured in whole man, of albumin as well as IgG. 
It has been s u ggested [1-3] t hat su ction blister fluid repre -
sents in terstitial fluid from the normal skin, and that mild 
s uction does not affect the s ieving properties of the capillary 
e ndothelium. 
It is the aim of this study to elucidate, if these conclus ions 
are valid, when t h e technique is a pplied to skin, in which t h e 
ITlic l'ovasculature m ay be fragile due to disease or otherwise 
damaged [4-7]. 
MATERIALS AND METHODS 
S ix male and 5 female patients with extensive skin disease were 
examined. Informed consent was obtained from all. Clinical data, di-
agn oses and skin involvement are listed in T able 1. 
T he primary cause of erythl'Oderma was psoriasis in 3 cases, contact 
dermatit is in one case, and unknown in one case. The patients had no 
oth e r diseases as judged from routine laboratory values, urine, x-ray, or 
ECG examinations. Only bland topical treatment was applied at the 
time of the study. Human serum a lbumin labeled with 1:"1 (Kjeller, 
N OTway) and human IgG prepared by DEAE cellulose chromatogra phy 
[8] la beled with m'l were used as protein tracers Cal l-a lbumin was used 
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Abbreviations: 
ECV: extracellular fluid volume 
IFV: in te rstit ia l fluid volume 
PV: plasma volume 
TER: transcapillary escape rate 
in all cases and 12r'I_IgG in case no 1-5}. Inulin (Laevosan Gesellschaft, 
Linz, Austria) in a 10% solu tion was used for determination of the 
extracellular fluid volume by the single-shot technique [9]. 
Procedure 
Each study was carried out in the morning after at least 12 hl' of 
fasting and 30 min of rest in the supine position to stabilize lymph flow 
and extracellular body fluid volumes. Weighed amounts of about 8 ).lei 
of each radioiodine labeled protein and 40 ml of inulin were injected 
in to one arm vein. Venous blood samples were drawn wi th a syringe 
and without s tasis from the other arm once before and 14 times dUJ'ing 
the next 180 min after injection at specified intervals. 
Transcapillary escape rate of albumin (TERn'b) and IgG (TER'Jlc): 
The e were determined as the rate constants of the initial disappear-
ance of the 2 t racers as described a nd discussed by Parving and 
Gyntelberg [10). TER represents the fraction of the intravascular mass 
of each of the endogenous proteins, that passes to the extravascular 
spaces per unit time. Albumin disappears somewhat faster than IgG. 
Therefore the 8 blood samples taken during the first 60 min were used 
for calcula tion of TERull" , while 12 blood samples taken over t he fil'St 
120 min were used for TERI•G de termination. 
Plasma volume (PV): T his was determined as the initial l:lll-albumin 
distribution space calculated by retropolation of the disapperu'ance 
curve to time zero. 
Constant hematocrit values in all blood samples secUJ'ed no signifi-
cant t rend in plasma volume cha nges dUJ'ing blood sampling. 
Smaller alterations in plasma volume distribut ion were corrected for 
by relating the radioactivi ty in all plasma samples to total protein 
concentration determined by refractometry. 
Intravascularm.a.sses of albumin (IVMn'b) and IgG (IVM,,,c): These 
were calculated as the products of p lasma volume and concentrations. 
Extracellular fluid volume (ECV): This was determined as the 
inulin distribution volume, equalling the mean transit time divided by 
the total clearance as calculated from the plasma disapperu'ance curve 
[11). 
The declining inulin concentra t ion in the plasma samples taken over 
180 min was determined by a colorimetric method and corrected for 
the glucose extinction [12). 
Interstitia.l fluid volume (IFV): This equals ECV minus PV. 
S uction blisters. Thi.rty min a fter injection of the radioiodine labeled 
proteins suction was struted on lesional a bdominal skin in order to 
produce blisters as described by Kiistala [1 3). Four transparent plastic 
suction cups each with 5 holes were used. 
Blisters developed after 1-2 hl' of suction with a negative pressure of 
200 mm Hg. Fluid was collected with a mantoux needle and syringe. 
Samples that were not discoloured conta ined unmeasUJ'able amounts 
of hemoglobin as determined by spectrophotometry (Beckman). It was 
therefore considered to be derived fu lly from the extravascular space. 
Visible hemolysis was present in the content in one out of 4 cups in 
3 different persons. T he content of these cups were discru·ded. 
The 1:11 1 a nd Itr'l-radioactivity was measured in the blister fluid and 
compar ed to the mean plasma radioactivi ty. 
T he blister radioactivity (A h ) being collected over periods differing 
from one subject to another was expressed as plasma activity (A,) 
a ppearing in the blister fluid over 60 min. 
Protein determination . The concent ration of albumin (mol. weight 
69.ooo), transferrin (mol. weight 90.000), IgG (mol. weight 175.000) and 
a t-macroglobulin (mol. weight 800.ooo) of the plasma samples and the 
blister fluids were determined by radial immunodiffusion [14]. 
The results were compru'ed with those obtained in 10 normal vol-
un Leers by exactly th ~ same technique [1). 
Radioactivity measUJ'ements of the blister fluid were performed in 2 
control subjects both before and a fter protein precipitation to secure 
that the radioac tivity in the blister fluid was protein bound . The 
supernatant contained no detectable free 12['101' lall. 
S tatistics. Students' t-test a nd linear correlation by least squru'es' 
method was used for statistical evaluation. 
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RESULTS 
ECV and IFV of the patients tended to be elevated though 
not reaching statistical significance when compared to the 
control values, PV did not differ between patients and controls 
(Table 1). 
The mean concentrations of albumin in serum (Cs) as well as 
in blister fluid (Cb ) were significantly lower in the patients (p 
< 0.001), whereas the mean concentrations of the other endog-
enous proteins examined did not differ between patients and 
controls (p > 0.1) (Table II) . 
When comparing the ChiC. ratio of the different proteins 
between patients and controls, the mean ratio of albumin was 
significantly lowered (0.46 ± 0.09 and 0.55 ± 0.06 respectively) 
(p < 0.05). The other mean ratios of the patients, transferrin 
(0.45 ± 0.09), IgG (0.39 ± 0.08) and 0'2-macroglobulin (0.22 ± 
0.07) approached gradually those of the control group (0.48 ± 
0.04; 0.43 ± 0.05 and 0.21 ± 0.04, respectively). This is illustrated 
in Fig 1 in which the individual Cb/Cs ratios of each protein is 
correlated to the corresponding molecular weight. The slope of 
the curves differed significantly between patients (-0.100 ± 
0.02 SD) and controls (-0.133 ± 0.03 SD) (p < 0.05). 
The distribution ratio of each of the 4 endogenous proteins, 
i.e., the ratio of intravascular to total mass, was calculated from 
the following equation: 
PV ·C/(IFV · Cb ) + (PV , Cs ) 
According to this equation the mean distribution ratios of the 
patients were: albumin 43.4% ± 3.9 SD, transferrin 44.0% ± 5.6 
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SD, IgG 47.9% ± 3.5 SD and 0'2-macroglobulin 63.5% ± 8.0 SD. 
The corresponding ratio of inulin (moL weight 5.000), calcu lated 
as PV /ECV, was 25.8% ± 2.6 SD. The distribution ratios of 
the patients did not differ s ignificantly from those of the control 
group, the latter being 41.6% ± 5.0 SD (albumin), 44.7% ± 4.3 
SD (transferrin, 47.8% ± 4.0 SD (IgG), 66.3% ± 2.3 SD (0:2-
macroglobulin) and 28.0 ± 3.0 SD (inulin) (p > 0.1). The 
intravascular fractions of the total protein masses of the 4 
endogenous proteins were correlated to the molecular weights 
of the proteins, in the control subjects as well as in the patients, 
the latter being illustrated in Fig 2. 
,The initial disappearance rate of 13lI-albumin (TER,II,) and 
12" I_IgG (TER1gG) from plasma, and the activity accumulation 
rate (Ah/ As) of the same protein tracers in t he blister fluid per 
unit time were significantly increased in the patients as a group 
when compared to the control group (Table III). The mean 
ratio of TER1"GlTER"lh and IgG-Ah/ As/alb-Ah/ As of the pa-
tients were similar to those of the control group (Table III). 
The ratio between the accumulated IgG and albumin tracers 
in the blister fluid (Table III) matched the calculated ratio 
between the endogenous IgG and albumin concentration (Ch/ 
Cs IgG/G./Cs alb) both in the patients (0.85 and 0.84 respec-
tively) and in the controls (0.80 and 0.78 respectively). 
DISCUSSION 
In animal [3] and human studies [1,2,13] it has been shown, 
that the sieving properties of the vascular endothelium in the 
normal skin is maintained during the development of suction 
TABLE I. Clinical data, plasma volume (PV), extracellular fluid volume (ECV) and interstitial fluid volume (IFV) ill. II patients with 
extensive shin disease 
Case No. Age. Weight, Height, 
Surface Skin PV , ECV, Sex area, Diagnosis involvement, IFV, y r kg em m:l ml III I Illl % 
I M 54 100 182 2.19 Psoriasis 80 3606 15346 11740 
2 M 36 86 182 2.08 Psoriasis 70 3966 16148 12182 
3 M 40 75 175 1.91 Psoriasis 80 3228 11396 8168 
4 M 79 95 180 2. 13 Erythroderma Genera lized 3839 16394 12555 
5 F 15 52 175 1.69 Erythroderma General ized 24 12 10156 7744 
6 F 72 74 170 1.86 Psoriasis 80 2902 10681 7779 
7 F 62 90 162 1.88 Psorias is 75 2540 10473 7933 
8 F 43 74 171 1.87 Psoriasis 80 2769 9275 6506 
9 M 65 82 182 2.05 E rythroderma Generalized 2858 10160 7304 
10 M 68 71 182 1.95 Erythroderma Generalized 3484 11887 8403 
11 F 69 70 168 l.80 Erythroderma Generalized 2565 10980 8415 
Patients Mean 55 79 175 1.95 3106 12081 8975 
±SD 19 13 7 0. 15 547 2595 2120 
Controls Mean 47 68 171 1.80 2977 10685 7708 
±SD 17 12 10 0.19 533 2030 1603 
p < NS NS NS NS NS NS NS 
TABLE II . Data on the concentration of endogenous proteins in serum and blister fluid 
Case No. 
Co. (g/ l) C, (g/ l ) 
a lb" transf IgG at- m a lb" lran ·f IgG lX;,!-m 
I 14.1 0.79 2.5 0.29 36.4 1.84 8.9 1.73 
2 16.2 0.91 4.0 0.20 29.8 2. 15 12.0 1.45 
3 16.9 0.91 6.4 0.34 33.2 1.60 13.7 1.13 
4 11.0 1.00 3.7 0.50 26.8 1.8 1 10.2 1.63 
5 10.9 1.05 2.8 0.60 32.4 3.42 11.0 3.24 
6 13.0 0.74 3.7 0.53 32.8 2.28 10.0 2.93 
7 12.4 1.27 3.3 0.51 32.2 3.00 8.6 3.05 
8 13.6 1.03 5.4 0.24 30.4 2.56 11.9 1.38 
9 24.0 1.65 4.0 1.10 40.3 3.60 9.2 3.97 
10 18.8 1.48 5.9 0.83 32.2 2.64 II.! 2.36 
11 13.7 1.09 3.8 0.46 28.4 2.01 9.4 2.27 
Patients ~~~ 15.0 1.08 4.1 0.51 32.3 2.45 10.5 2.29 3.9 0.28 1.8 0.27 3.7 0.67 1.6 0.91 
Cont rols ~~~ 21.1 1.26 4.5 0.46 38.6 2.G3 10.5 2:32 2.5 0.17 0.5 0.19 2.5 0.32 0.9 0.99 
p < 0.001 N.S. N.S. N.S. 0.001 N.S. N.S. N.S. 
" a lb a lbumin; transf - transferrin; (v~-m = o:~-macroglobu l in ; C" and C, protein concentrations in blister fluid ancl se rum. 
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FIG l. Correlation between mean blister fluid l serum concentration 
ratio (C"IC.) of albumin, transferrin, IgG and a2-macroglobulin and 
molecular weights (mol. w.). X's represent the mean C"IC. values of 77 
patients with extensive skin disease (y = 0.898 - 0.100 log x;r = 0.77). 
.'s represent the mean C"IC. values of 10 control subjects (y = 1.101 
- 0.133 log x;r = 0.98). The difference between the slopes is significant 
(p < 0.05). The abscissa is in log scale. 
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FIG 2. The ratio of intravascu lar to total mass given in percent of 
inulin, albumin, transferrin, IgG and a2-macroglobulin as a function of 
the molecular weights (mol. w.). The abscissa is in log scale. 
blisters as described by Kiistala [13]. The fluid in the blisters 
repTesents not only interstitial tissue fluid from the skin [2,13] 
but also "average" interstitial body fluid [I). The latter conclu-
sion was mainly based on the finding that the calculated distri-
bution ratios (i.e., intravascular to total mass) of differently 
sized endogenous proteins equalled those obtained from long-
term metabolic turnover studies in normal man. 
In the present study the ratio of blister to serum concentra-
tion (Cil/Cs ) as well as the intravascular fraction ofthe examined 
plasma proteins were positively correlated to the molecular 
weights (Fig 1 and 2). Furthermore the distribution ratio of 
albumin as calculated in this study (mean 43.4% ± 3.9 SD) was 
exactly the same as that calculated in an earlier long-term 
metabolic turnover study in similar patients (mean 43% ± 5 
SD) [6). 
The data given on the endogenous plasma proteins in t his 
study therefore indicate that the suction blister fluid represents 
interstitial fluid also in patients with extensive skin disease, and 
that the suction does neither affect the properties of the normal 
dermal vascular endothelium nor those of the vascular wall 
through which t he passage of macromolecules and water is 
all'eady increased [4- 7,15). 
The significantly decreased concentrations of albumin, inside 
as well as outside the vascular bed reflect a low but normally 
distributed mass of total body albumin. A normal distribution 
of albumin was also found in a metabolic turnover study [6). 
The extravascular albumin concentration is, however, rela-
tively lower than the intravascular concentration as the albumin 
CI,/Cs ratio of the patients was significantly decreased. This can 
be explained by dilution due to a shift of fluid from the intra-
vascular to the extravascular space as it has been shown that 
the extravascular fluid volume is relatively increased in patients 
with extensive skin disease [15]. An increased extravascular 
albumin concentration would provoke a shift of fluid due to the 
colloid osmotic effect of albumin. This would tend to normalize 
but not to significantly decrease th e extravascular albumin 
concentration, the latter of which was the result of this study. 
It is t herefore confirmed that oncotic forces are not responsible 
for the abnormal fluid distribution present in patients with 
extensive skin disease [15). 
Though the abnormal fluid distribution may also tend to 
decrease the extravascular concentrations of other plasma pro-
teins, the Chi C ratio of transferrin, IgG and Cl:2-macroglobulin 
approached gradually those of the control group (Fig 1). This 
may be explained by a relatively higher leakage of larger 
proteins. Such a pattern has also been demonstrated in patients 
with burns [16] and in experimental thermal injury in animal 
studies [17,18). In one of these studies [18] the results indicated 
that the number of leakage sites was significantly increased, 
and that the leakage occurred mostly at the postcapillary 
venules. This again accords with our earlier suggestion that t he 
site of increased leakage to macromolecules in patients with 
extensive skin disease is the postcapillary venules (5). 
The increased extravasation of albumin as measured in whole 
man may solely be due to an increased leakage of plasma 
proteins through the skin microvasculature as previous studies 
in similar patients have shown that t he fecal and urinary 
albumin content are within normal limits [19,20). In this study 
the TERau, of the patients is increased on an average 2.9% 
IVM· tu·- 1 (Table III) . This increase can fully be explained by 
an increased extravasation ttu'ough the skin microvasculatw'e 
as discussed below. 
It is assumed that the normal "skin-TER"lb" equals on an 
average one-third (1.7% IVM.hr- l ) of the total TER"u, (5.1% 
IVM. hr - 1). This assumption is based on the fact that the skin 
a lbumin mass constitutes about one-third of the extravascular 
albumin mass [1,21-23). 
Thus the "skin-TER,. lb" of t he patients have increased 2- to 
3-fold from 1.7 to 4.6% IVM· hr- 1 by adding the average TERRi ll 
increase of 2.9% IVM· hr- l. 
The figures of the obtained data imply that the extravasation 
of IgG through the skin microvasculature is increased to the 
same extent as that of albumin. 
The accumulated activity of ""I-albumin and 125I_IgG in the 
blister fluid of the patients were 2- to 3-fold higher than the 
accumulated activity of the control subjects (Table III). This 
magnitude of extravasation accounts th erefore completely for 
the increased escape rates as measured in whole man, of albu-
min as well as IgG. Thus it substantiates the concept from 
earlier studies [5 ,6] t hat t he augmentation of TERn 1" and 
TERlgG is solely due to leaky skin vessels. If that is so more 
th an half of the albumin and IgG that leaves the circulation 
passes to the skin interstitium. 
In the patients as well as in the controls it is not obvious why 
the IgG escape from the skin microvasculature is about 80% 
that of albumin when the overall microvascular IgG escape is 
about 60% that of albumin. 
In a study in normal subjects [1] it was suggested that a 
slower turnover rate constant of IgG than of albumin in the 
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TABLE III. Data on tracer protein measurement.5 in blister fluid and .5erum. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
LO 
Ll 
Case No. 
. Mean 
PatIents ± SO 
Mean 
Controls ± SO 
p < 
TER""," (% IVM· hr- ') 
9.1 
7.6 
6.4 
6.8 
7.0 
7.3 
7.5 
7.3 
L1.4 
8.8 
8.6 
8.0 
1.4 
5. 1 
1.2 
0.001 
6.2 
3.7 
3.8 
3.6 
3.7 
4.2 
I.l 
2.9 
0.8 
0.05 
0.68 
0.49 
0.59 
0.5 1 
0.53 
0.56 
0.08 
0.58 
0.10 
NS 
12.3 
29.9 
18.8 
16.9 
16.6 
14.9 
16.0 
25.6 
35.0 
33.8 
14.1 
21.3 
8.3 
8.3 
2.6 
0.001 
A,./A, 
JgG 
(%.h .. - ') 
10.3 
24 .3 
16.8 
14.6 
14.0 
16.0 
5.2 
6.8 
2.4 
0.001 
IgC Aloi A. 
alb Aloi A. 
0.84 
0.81 
0.89 
0.87 
0.84 
0.85 
0.03 
0.80 
0.05 
NS 
"TER = transcapillary escape rate; alb = albumin; A .. and A, = accumulated ac tiv ity in blister fluid per unit time and mean serum activi ty of 
' '' ' I-a lbumin a nd ''''I-IgG. 
skin could explain the discrepancy. This would relatively in-
crease the amount of IgG accumulated in the blister fluid per 
uni t t ime. In the same study it was, however, also mentioned 
that changes of the microvascular endothelium during suction 
could not be definitely excluded. If that is so, it can be concluded 
that the leaky microvasculature in patients with extensive skin 
disease reacts equally to suction as the microvasculature of the 
normal skin. 
The tracer protein measurements in plasma and blister fluid 
therefore indicate that it is possible to quantitate a regional 
leakiness of the skin microvasculature. The method may there-
fore be used not only to determine the interstitial fluid content 
of inflammatory mediators [24-26], enzym es [27] and other 
substances [28,29] involved in vascular reactions, but also to 
follow changes in the macromolecular leakiness of the dermal 
microvasculature after different external stimuli, topical and/ 
or systemic treatments. 
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